Objective: To describe the working conditions of adolescents employed in construction in North Carolina, documenting hazards, safety practices, and prohibited activities. Design: A cross-sectional telephone survey. Setting: North Carolina. Participants: Adolescents (aged Ͻ18 years) with work permits for the construction industry in North Carolina during summer 2001. Main Outcome Measures: Types of jobs, work tasks, supervisory conditions, tools, equipment, and processes.
working for their parents. The remainder (n=168) were working legally based on age, but most performed prohibited tasks. In fact, 84% of all the 16-to 17-year-olds had performed at least 1 clearly prohibited task and 47% had performed 3 or more. Although most reported being supervised and working with others, approximately 19% of all respondents reported working where they were not in hearing distance of other workers. Data were collected from teenagers with work permits, suggesting that these adolescents may work for more responsible employers. If violations of child labor laws exist in this group, it is likely that adolescents without permits are exposed to even greater hazards and violations.
Conclusion: Involvement of teenagers in dangerous and/or prohibited tasks is cause for concern and suggests a pressing need to examine the enforcement of existing laws and the need for additional protection.
Arch Pediatr Adolesc Med. 2006; 160:721-727 D ESPITE OCCUPATIONAL safety and health gains in recent decades, construction remains one of the most dangerous industries in the United States. Construction workers are exposed to a wide variety of dangerous circumstances or conditions, including work at heights, in trenches, and in confined spaces, exposure to motor vehicles and heavy equipment, 1,2 and a variety of other physical and chemical hazards. [3] [4] [5] Specific tasks and exposures vary based on trade (eg, painters vs electricians), the workers' level of experience or skill, and the work organization at any given work site.
Although only 3% of 15-to 17-year-old workers are employed in construction, 6 the industry ranks second only to agriculture in annual number of fatal injuries for workers younger than 18 years. 7 The part-time or seasonal nature of the work of most teenagers makes it difficult to estimate their ac-tual time at risk. However, data suggest that teenagers employed in construction have fatality rates twice as high as construction workers 25 to 44 years of age. 8 The leading causes of death for construction workers, including those younger than 18 years, are falls, electrocutions, and being struck by objects. 9 Prior research has indicated that between 38% and 86% of work-related adolescent deaths are associated with performance of prohibited activities. 10, 11 Two sets of policies address safety for adolescent workers: child labor laws and Occupational Safety and Health Administration (OSHA) regulations. The Fair Labor Standards Act 12 and the US Department of Labor's regulations 13 adopted pursuant to the Fair Labor Standards Act provide the framework for all federal child labor provisions. Federal law, however, does not address all employers and employees. Therefore, like all other states, North Carolina has its own set of child labor laws 14 and regulations. 15 The North Carolina law ex-tends the employment restrictions of the federal law to cover all employers and teenaged workers in the state not subject to the federal law. Additionally, North Carolina regulations define 9 detrimental occupations prohibited for all workers younger than 18 years at any business in the state. 16 The OSHA regulations 17 govern the safety of all workers regardless of age and provide a general backdrop for the more restrictive child labor laws.
Under both federal and North Carolina child labor law, teenagers younger than 16 years are prohibited from working in construction 18 unless for a business wholly owned by their parent(s). 19 Teenagers 16 and 17 years of age may work in construction and perform tasks not listed among either the 17 "hazardous occupations" identified in the federal regulations 20 or the 9 "detrimental" occupations identified in the North Carolina regulations. 16 For example, the federal rules prohibit teenagers of these ages from engaging in roofing work, trench and excavation work, operation of powered woodworking machines, and wrecking and demolition work, whereas the North Carolina rules add prohibitions for other work such as welding and work that requires the use of a respirator. Neither state nor federal child labor regulations apply to workers 18 years and older.
North Carolina is 1 of 41 states with a work permit system that regulates the employment of workers younger than 18 years. Typically, the employer initiates the process by completing a portion of the form that specifies the job for which the teenager is being hired. The adolescent then obtains the signature of a parent or legal guardian on the permit and takes it to the Department of Social Services, which, if the system works as prescribed, issues the certificate only after verifying the youth's age and the legality of the work proposed for a child of that age. Filed with the state's Department of Labor, a unique work permit is required each time an adolescent begins work for a new employer.
This descriptive study was performed to assess the work experiences and hazard exposures of adolescents working in construction jobs in North Carolina with an ultimate aim of identifying areas that need intervention to improve safety. Because prior research has noted that labor law violations are frequent among young construction worker fatalities, 21 we had a particular interest in examining lapses in adherence to child labor restrictions.
METHODS

SUBJECT IDENTIFICATION AND ELIGIBILITY
We collected data by telephone interview with working North Carolina teenagers younger than 18 years employed in construction during summer 2001. We identified study subjects by obtaining and sorting all work permits filed with North Carolina during a 4-month period and selecting the permits that indicated that a teenager was being hired to do construction work. These permits contain information on the worker's name, address, telephone number, age, and sex and a few words indicating the type of work the adolescent was being hired to do. Teenagers who filed for work permits between May and August 2001 were all eligible for inclusion. Workers were screened out at the time of interview if they had worked fewer than 10 days in con-struction, if they had been interviewed in the pilot study the prior summer, or if their work had been limited to office duties.
PROTECTION OF HUMAN SUBJECTS
The interview protocol was reviewed and approved by the Public Health Institutional Review Board, The University of North Carolina at Chapel Hill. All subjects were minors, so interviewers first contacted a parent or guardian using the telephone number listed on the work permit and obtained oral permission to conduct the interview with their adolescent after reading a statement about the purpose of the study, risks and benefits, and confidentiality procedures. For those adolescents whose parents consented, interviewers obtained their assent in a similar manner. We provided both parents and teenagers with the local telephone number for the North Carolina Department of Labor for more information about child labor laws and worker safety issues.
SURVEY INSTRUMENT
We consulted with staff from the North Carolina Department of Labor and used items from previous surveys and focus groups with teenagers in North Carolina to develop the survey instrument. [22] [23] [24] The instrument was pilot tested with a sample of 135 eligible North Carolina adolescents who had obtained work permits in 2000 for construction jobs. For the pilot test interviews, each respondent was debriefed at the conclusion of the interview to ascertain if there were questions that were confusing or offensive. The pilot interviews were carefully timed to allow adjustments in the length of the questionnaire to no more than 20 minutes. The final instrument consisted of 134 questions about work hours, training, exposure to chemicals, electrical hazards, supervision practices, and use of safety devices.
DATA COLLECTION
We collected data by telephone survey using trained interviewers employed by The University of North Carolina Department of Biostatistics Survey Research Unit using a computerassisted telephone interview program. Interviews were conducted between September and October 2001.
DATA MANAGEMENT AND ANALYSIS
Once interviews were completed, we converted the CATI files to SAS files for data editing and analysis and generated basic descriptive statistics examining the teenagers' report of employer characteristics, their endorsement of work conditions and exposures, and safety practices. All analyses were conducted using SAS statistical software for Windows, version 8.2. 25 Data were analyzed depending on the age of the respondent as indicated on the work permit, with those aged 16 to 17 years combined and separated from those younger than 16 years.
RESULTS
THE RESPONDENTS
We identified 324 teenagers younger than 18 years with work permits that indicated construction jobs. Thirtyeight were determined to be ineligible because of language barriers (n=2), not taking the job in construction (n = 8), not having worked 10 days for the employer (n=19), having participated in the pilot interview (n=3), or lacking a telephone (n = 6). There also were 38 refusals, 24 because parents denied consent, 12 because teenagers refused to participate, and 2 because eligible teenagers with parental permission could not be reached. In addition, 19 households could not be reached, making it impossible to determine their eligibility. Interviews were conducted with 227 adolescents. Assuming those 19 we could not reach had the same proportion of eligibility as those we reached results in a response rate of 80%.
For this analysis, we restricted our study population to 187 respondents, eliminating those whose responses indicated predominantly office work (n=1) or work that was not for construction firms (eg, working for colleges painting dorm rooms) as reported by 39 respondents. Demographics of the study population are given in Table 1 . Table 2 gives the type of construction work (not mutually exclusive) done by the businesses that employed the teenagers. Approximately half worked in businesses that were owned by members of their own families or in which family members also worked. Respondents indicated, on average, that they usually worked 8 hours a day, with a range of 3 to 12 hours.
WORK ENVIRONMENTS
WORK TASKS
Teenagers performed a wide variety of tasks at work sites and under varying conditions. As indicated in Table 3 , the most common legal tasks that 16-to 17-year-olds reported involved cleaning the work area and getting tools, equipment, and supplies (Ͼ90%). Although all the tasks presented in Table 3 are legal for teenagers 16 and 17 years old to perform, a number are dangerous activities, particularly in the hands of an unskilled worker, such as operating a jackhammer or working with equipment that could contact power lines.
PROHIBITED TASKS PERFORMED BY LEGALLY EMPLOYED ADOLESCENTS
Eighty-four percent of all the 16-to 17-year-old workers reported doing at least 1 task that is clearly prohibited ( Table 4 ). Of those reporting doing prohibited activities, 19.1% reported just 1 activity, whereas 17.3% reported 2 activities and 47.0% reported 3 or more. More than a third reported operating power saws, whereas a quarter indicated working as an electrician's helper, being an outside helper on a motor vehicle, or working in trenches deeper than 4 ft (1.2 m). Similarly, many of the respondents indicated performing a number of other tasks that, depending on the circumstances, may be illegal for workers younger than 18 years. We labeled these suspect tasks ( Table 5) because we are unable to tell for sure if the activity was illegal without knowing more about the conditions under which it was performed. For example, 62 workers indicated they had driven a motor vehicle as part of the job. North Carolina law allows young workers to operate only certain motor vehicles on public roads but permits operation of most vehicles, except forklifts and other hoisting apparatus, on off-road sites (available at: http://www.nclabor.com /wh/fact%20sheets/joint_state_fed.htm). As another example, 46 teenagers indicated they had worked on a ladder, scaffold, or other structure at heights above 6 ft (1.8 m). It is noteworthy that this is the level at which OSHA mandates fall protection practices for all construction workers.
WORKERS POTENTIALLY ILLEGALLY EMPLOYED
Although teenagers younger than 16 years are prohibited from working in construction, unless working for a business owned completely by their parents, our study population included 19 teenagers younger than 16 years. By definition, all had been issued work permits to do construction work. A higher proportion (13 [68%]) of these underaged workers were employed in businesses that also employed other family members compared with 49% (n=82) of the group in the 16-to 17-year age range. However, we cannot tell if the business was wholly owned by the teenager's parent (thus constituting legal employment) vs other family members (not legal employment) or if the business merely employed other family members in addition to the teenager.
These 19 adolescents were employed in varied types of construction businesses, including carpentry, interior and exterior framing, and hanging sheetrock (n=6), plumbing (n=3), trenching (n=1), heating and air conditioning (n=2), electrical work (n=2), roofing (n=2), concrete and masonry (n = 2), excavation (n = 2), and painting (n=1), with several of them reporting multiple types of construction work within the same business. Although 3 of the youngest workers reported spending some time working in the office of the firm, all spent at least part of their time doing construction labor.
As indicated in Table 6 , these 14-to 15-year-olds performed a wide variety of tasks, with the group reporting a median of 13 of the tasks about which they were que- . However, North Carolina law prohibits workers younger than 18 years from any work that involves the risk of falling a distance of 10 ft or more (Ն3 m), so legality of these tasks depends on the height at which the work occurs, 13 NC Administrative Code §12.0406 (6) .
ried. Some of these youngest workers engaged in tasks illegal even for their 16-and 17-year-old counterparts and also not allowable for teenagers working for parents. These tasks include working in trenches, being an electrician's helper, or using powder-activated tools. Although not given in Table 6 , 5 of the 14-and 15-year-olds reported having worked at elevations above 6 ft (1.8 m), and 1 indicated he had worked on scaffolding or ladders without fall protection. Thirteen of these workers younger than 16 years were given the responsibility of being a spotter for other workers.
SUPERVISION PRACTICES
Consistent with much construction work, most of the teens worked in settings with few employees on site, with 54% indicating the business had fewer than 6 employees "usually present" at the worksite. Although most respondents indicated their work was checked more than once a day and that they were "told what to do and how to do it," nearly 20% of the respondents stated that they had worked completely alone, without being in hearing or sight distance of other workers.
COMMENT
MAJOR FINDINGS
Adolescent construction workers are exposed to numerous hazards, many working under illegal conditions and performing multiple types of illegal tasks. Most legally employed 16-and 17-year-old teenagers with permits to work in the construction industry in North Carolina in summer 2001 reported at least one activity that was illegal. A number of other activities these adolescents reported could have been illegal, depending on the circumstances. It was not uncommon for workers to report performance of multiple illegal or potentially illegal tasks. The illegal tasks reported by these adolescents include tasks that previous work has demonstrated to carry significant risk of morbidity, including high-cost injuries. 26 For example, the operation of nail guns was one of the prohibited tasks reported. The use of these easyto-operate tools is often viewed as a relatively unskilled task assigned to new workers. 27 Suruda et al 21 found that fatal injuries among young construction workers were most commonly associated with electrocutions, being struck by falling objects or equipment, and falls and engagement in several specific prohibited activities, including being an outside helper, demolition work, or operating power saws or hoisting apparatus. According to our data, these types of hazards are common exposures that require more attention and enforcement.
Federal and state child labor laws and OSHA regulations are designed to enhance worker safety. However, the system does not appear to be working. Although laws clearly prohibit work on construction sites by teenagers younger than 16 years unless working for a business owned by the parent, 10% of our respondents were younger than 16 years. They came from 17 different counties, indicating failures of the permitting system in mul-tiple locales. The data on illegal and suspect tasks, tools, and construction activities come from teenagers who report that they are told what to do and how to do it and that their work is supervised. Given that our sample of construction workers is based on work permits, the em- ]. There were 13 respondents who reported working at an establishment where other family members worked. For at least some of these, the parent may be the owner of the business, indicating the work was legal. †Illegal tasks for adolescents aged 16 to 17 years (see Table 4 for details) and for all persons younger than 16 years, regardless of whether they are working for their parents or not.
(REPRINTED) ARCH PEDIATR ADOLESC MED/ VOL 160, JULY 2006 ployers, by filling out the work permit, are demonstrating at least rudimentary understanding of the child labor laws. If the employers who are conforming with the work permit regulations are allowing illegal work and underaged workers, what illegal tasks or activities are being done by those teenagers employed by employers who do not comply with work permit regulations?
STUDY LIMITATIONS
The study relied on self-reported information collected as part of a cross-sectional study. Consequently, data are limited by recall and clarity of the items to the adolescent respondents. However, the nature of the information obtained would have been nearly impossible to obtain in any other manner, and there is no reason to suspect that the respondents were misrepresenting their experiences. We were also only surveying teenaged workers with work permits. We had no access to those working in construction without permits. We are likely to have observed the best-case scenarios in that firms that employ adolescents without permits are likely to be more permissive than we observed. It is also unlikely that we have an accurate representation of the immigrant workforce in our population, and these workers may be at particularly high risk 28 for a variety of reasons, including limited health and safety training and language barriers associated with quality training and supervision. 29 If anything, the exposures reported herein are probably an underrepresentation of the true risk. Because of the nuances in the law with respect to specific circumstances, we were unable to detect with certainty all instances of illegal activity. For example, it is possible some of the teens reporting having worked at heights above 6 ft (1.8 m) actually may have been at heights of 10 ft or more (Ն3 m). Likewise, some of our questions about powered equipment were not specific enough to ascertain if the respondents were reporting illegal practices. Consequently, we cannot say for sure which work is in violation of state or federal laws. Workers younger than 18 years who are in formal apprenticeship programs are legally able to engage in all but 10 types of tasks that are otherwise prohibited for all workers younger than 18 years. 19,20 Examples include being an outside helper on a motor vehicle, operating a forklift, using explosives, and using powderactivated tools (ie, using gunpowder charges).
Furthermore, although all respondents had worked at least 10 days, some had clearly worked longer than others, depending on when during the summer they began work. Although we cannot be sure, we suspect any biases associated with this factor are conservative, with more hazardous activities being undercounted given that some youth would not have had sufficient time to be assigned more difficult or dangerous tasks.
Finally, for the workers employed by family, our questions were not sensitive enough to differentiate those working for businesses owned wholly by the teenagers' parent vs businesses owned by other family members vs those not owned by family but employing other family members. Because of the allowance in the law for teenagers younger than 16 years to work for parent-owned businesses, we cannot tell which of the young workers were working legally. However, the mere presence of children this age working at construction sites is cause for concern, regardless of the legal nuances. Similarly, we were unable to determine if some of the adolescents were in apprenticeships at the time of the study vs prior apprenticeship involvement or if a teenager had a birthday, making them eligible for different work than that indicated by their age on the work permit.
STUDY IMPLICATIONS
This research has uncovered areas in need of improvement in the regulation of a safer work environment for adolescents. First, underage teenagers (aged Ͻ16 years) are being given permits to work in an industry in which their employment is certainly dangerous and may be illegal. Second, adolescent workers aged 16 and 17 years are legally employed in construction but performing tasks that are unsafe, illegal, or both. These findings suggest the need for improved enforcement of existing regulations and efforts to increase safety awareness and advocacy for stronger safety regulations.
The existing restrictions are not adequate to protect teenagers in this dangerous industry. For example, although teenagers are prohibited in North Carolina from working as an electrician's helper, it is naïve to think this adequately protects them from electrical hazards. Suruda et al 21 identified electrocutions to be the largest single cause of deaths among teenagers in construction and not violating hazardous orders. Their findings are consistent with the findings of Lipscomb et al 30 that electrocutions among construction workers often involve workers other than electricians or linesmen.
Moreover, construction work is dynamic, because sites and work conditions change frequently, workers are exposed to a variety of hazards, including those associated with dangerous equipment, and work is frequently performed at heights and in inclement weather. Although more mature, career construction workers who have been involved in many construction projects may be accustomed to these changes, inexperienced workers may find the constantly changing site to be chaotic. This may help explain the finding of Breslin and Smith 31 that newer workers are more likely injured, regardless of age. However, even if the risks for younger workers may not be greater than for older workers, these young workers may require different interventions given the lack of overall maturity they bring to the job. The work permit system in North Carolina is intended to help screen youth from employment in prohibited work but also relies heavily on employers to correctly interpret and enforce the regulations. Without clearer employer education and sufficient enforcement, continuing violations are likely. It is critical that regulations be coupled with careful guidance from parents, teachers, and health care professionals.
IMPLICATIONS FOR FUTURE RESEARCH
Additional investigation of the tasks and situations in which young people are engaged in construction would be valuable, particularly assessing the adequacy of laws for workers of this age group and the barriers associated (REPRINTED) ARCH PEDIATR ADOLESC MED/ VOL 160, JULY 2006 with implementing and enforcing existing regulations or creating new ones. Understanding the challenges that employers face when hiring and supervising young workers and ensuring adherence to the laws could help point toward needed interventions. Studies of teenaged workers need to address both the formal and informal learning processes and also actual work practices on construction sites. Inexperienced workers learn from observation of other workers at the work sites, which means we must continue to try to understand safe and unsafe practices of more seasoned construction workers as well. Although it is more challenging to reach young workers without permits, we need to find ways to assess these workers to address their workplace safety as well. Dissemination research should explore how to improve the potential of teachers, parents, pediatricians, and other youth-oriented professionals and construction contractors to improve work safety for adolescents.
